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reduced by using relative measurements (since the intensity is not crucial)
and by various chemical, optical, and mechanical means. The cost of these
devices is $5,000.

PIEZOELECTRIC MASS SENSORS

(ALDER AND MCCALLUM, 1983; CAREY AND KOWALSKI, 1986;
THOMPSON ET AL., 1986; WARD AND BUTTRY, 1990)

A piezoelectric mass sensor is a device that measures the amount of
material adsorbed on its surface by the effect of the adsorbed material on
the propagation of acoustic waves. Piezoelectric devices work by convert-
ing electrical energy to mechanical energy. There are a number of different
piezoelectric mass sensors. Thickness shear mode sensors measure the resonant
frequency of a quartz crystal. Surface acoustic wave mode sensors measure
the amplitude or time delay. Flexure mode devices measure the resonant
frequency of a thin Si3N4 membrane. In shear horizontal acoustic plate
mode sensors, the resonant frequency of a quartz crystal is measured.

These piezoelectric crystal oscillators are very accurate mass sensors
because their resonant frequencies can be measured precisely with rela-
tively simple electronic circuitry. For certain quartz crystals, the resonant
frequency is inversely related to the crystal thickness. A crystal resonating
at 5 megahertz is typically 300 micrometers thick. If material is coated or
adsorbed on the crystal surface, the resonant frequency will change (de-
crease) in proportion to the amount of material added. The effect of adsorbed
mass on the oscillator frequency varies according to the operational mode
of the device. In any case, interpretation of mass via changes in frequency
or amplitude assumes that the coated films are rigidly elastic and infinitesi-
mally thin (that is, an extension of the crystal).

Piezoelectric mass sensors have been used for gas phase sensing (for
example, SO2, H2S, and HC1) using crystals coated with chemisorbent films
(including polymers) that interact specifically with these gases. Even im-
mobilized enzymes have been employed as selective coating materials (for
example, formaldehyde sensing using immobilized formaldehyde dehydro-
genase; Guilbault, 1984), Indeed, the nature and selectivity of the coating
material used to achieve chemical recognition of the target species is the
key to fabricating useful analytical sensors based on piezoelectric devices.

The use of piezoelectric mass sensors for solution phase measurements
is still under development. Whereas considerable success has been achieved
with these devices for detecting the mass of electrodeposited analytes in
solution (on thin films of conducting metal electrodes deposited on the
quartz crystals), detecting mass changes due to selective chemical interac-
tions at the surface (for example, antibody-antigen reactions) has been less
successful. Changes in frequencies do occur, but the direction and magni-
tude of change are not always predictable. The main reason for this is that